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1.
Introduction
During RAN4#53, the skeleton for TS on A-GNSS performance requirements for LTE [1] and the text proposal on A-GPS performance requirements for LTE [2] were approved. RAN2 have now completed the specification of the LTE Positioning Protocol (LPP) as of RAN2#68 [3], with TS 36.355 submitted for approval to RAN#46 [4]. GERAN has now all-but completed the specification of Minimum Performance requirements for A-GANSS for GSM in TS 45.005 [6].
In this paper, we provide a text proposal for Section 4 of TS 36.171 V0.1.0 [5] to update the LPP IE or message names that were invalid or left [TBD] in the approved text proposal in [2], and add the Minimum Performance requirements for A-GANSS to the existing main body of TS 36.171 V0.0.1 [5]. This added text is based on the approved text in [6].
2.
Text Proposal
<Start of change>
1
Scope

The present document establishes the minimum performance requirements for A-GNSS (including A-GPS) for FDD or TDD mode of E-UTRA for the User Equipment (UE).
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TS 36.101 [1], 3GPP TS 36.104 [2] and the following apply:

Horizontal Dilution Of Precision (HDOP): measure of position determination accuracy that is a function of the geometrical layout of the satellites used for the fix, relative to the receiver antenna


3.2
Symbols

For the purposes of the present document, the following symbols apply:

E1
Galileo E1 navigation signal with carrier frequency of 1575.420 MHz. 
E5
Galileo E5 navigation signal with carrier frequency of 1191.795 MHz.

E6
Galileo E6 navigation signal with carrier frequency of 1278.750 MHz.

G1
GLONASS navigation signal in the L1 sub-bands with carrier frequencies 1602 MHz ± k ( 562.5 kHz.

G2
GLONASS navigation signal in the L2 sub-bands with carrier frequencies 1246 MHz ± k ( 437.5 kHz.

k

GLONASS channel number, k = -7…13.

L1 C/A
GPS or QZSS L1 navigation signal carrying the Coarse/Acquisition code with carrier frequency of 1575.420 MHz.

L1C
GPS or QZSS L1 Civil navigation signal with carrier frequency of 1575.420 MHz.

L2C
GPS or QZSS L2 Civil navigation signal with carrier frequency of 1227.600 MHz.

L5
GPS or QZSS L5 navigation signal with carrier frequency of 1176.450 MHz.

G
Geometry Matrix.
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Measured pseudo-range of satellite i of GNSSm.

W
Weighting Matrix.
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Line of sight unit vector from the user to the satellite i of GNSSm.
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State vector of user position and clock bias.


3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

A-GNSS
Assisted Global Navigation Satellite System

A-GPS
Assisted - Global Positioning System

AWGN
Additive White Gaussian Noise

C/A
Coarse/Acquisition




DUT
Device Under Test

ECEF
Earth Centred, Earth Fixed

ECI
Earth-Centered-Inertial
E-SMLC
Enhanced Serving Mobile Location Centre

E-UTRA 
Evolved UMTS Terrestrial Radio Access
E-UTRAN
Evolved UMTS Terrestrial Radio Access Network
eNB
E-UTRAN Node B


FDD
Frequency Division Duplex

GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GNSS
Global Navigation Satellite System

GPS
Global Positioning System

GSS
GPS System Simulator

HDOP
Horizontal Dilution Of Precision

ICD
Interface Control Document

IS
Interface Specification

LOS
Line Of Sight

LPP
LTE Positioning Protocol


QZSS
Quasi-Zenith Satellite System

RRC
Radio Resource Control


SBAS
Space Based Augmentation System

SFN
System Frame Number

SS
FDD System simulator

SV
Space Vehicle

TDD
Time Division Duplex

TLM
TeLeMetry word. It contains an 8-bits preamble (10001011)
TOW
Time Of Week

TTFF
Time To First Fix

UE
User Equipment

WLS
Weighted Least Square

WGS‑84
World Geodetic System 1984

3.4
Test tolerances

The requirements given in the present document make no allowance for measurement uncertainty. The test specification 3GPP TS 36.yyy [3] defines test tolerances. These test tolerances are individually calculated for each test. The test tolerances are then added to the limits in the present document to create test limits. The measurement results are compared against the test limits as defined by the shared risk principle.
Shared Risk is defined in ETR 273-1-2 [7], subclause 6.5.
4
General

4.1
Introduction

The present document defines the minimum performance requirements for both UE based and UE assisted FDD or TDD A-GNSS (including A‑GPS) terminals.

4.2
Measurement parameters

4.2.1
UE based A-GNSS measurement parameters

In case of UE-based A-GNSS, the measurement parameters are contained in the GNSS‑LocationInformation IE which is included in the A‑GNSS‑ProvideLocationInformation IE provided in the LPP message of type PROVIDE LOCATION INFORMATION. The measurement parameter in case of UE-based A-GNSS is the horizontal position estimate reported by the UE and expressed in latitude/longitude.

4.2.2
UE assisted A-GNSS measurement parameters

In case of UE-assisted A-GNSS, the measurement parameters are contained in the GNSS‑SingnalMeasurementInformation IE which is included in the A‑GNSS‑ProvideLocationInformation IE provided in the LPP message of type PROVIDE LOCATION INFORMATION. The measurement parameters in case of UE-assisted A-GNSS are the UE GNSS code phase measurements, as specified in 3GPP TS 36.302 [5] and 3GPP TS 36.214 [6]. The UE GNSS code phase measurements are converted into a horizontal position estimate using the procedure detailed in Annex F.

4.3
Response time

Max Response Time is defined as the time starting from the moment that the UE has received the LPP message of type REQUEST LOCATION INFORMATION, and ending when the UE starts sending the LPP message of type PROVIDE LOCATION INFORMATION on the Uu interface. The response times specified for all test cases are Time-to-First-Fix (TTFF) unless otherwise stated, i.e. the UE shall not re‑use any information on GNSS time, location or other aiding data that was previously acquired or calculated and stored internally in the UE. A dedicated test message 'RESET UE POSITIONING STORED INFORMATION' has been defined in TS 36.509 [11] clause 6.9 for the purpose of deleting this information and is detailed in subclause B.1.10.
4.4
Time assistance

Time assistance is the provision of GNSS time to the UE from the network via LPP messages. Currently two different GNSS time assistance methods can be provided by the network.

a)
Coarse time assistance is always provided by the network and provides current GNSS time to the UE. The time provided is within (2 seconds of GNSS system time. It is signalled to the UE by means of the gnss‑DayNumber and gnss‑TimeOfDay fields in the gnss-SystemTime IE.

b)
Fine time assistance is optionally provided by the network and adds the provision to the UE of the relationship between the GNSS system time and the current E-UTRAN time. The accuracy of this relationship is (10 (s of the actual relationship. This addresses the case when the network can provide an improved GNSS time accuracy. It is signalled to the UE by means of the gnss-SystemTime IE and the gnss‑ReferenceTimeForCells IE.

The specific GNSS system time is identified through the gnss‑TimeID field of the GNSS‑SystemTime IE. In case where several GNSSs are used in the tests, only one gnss‑TimeID is used to determine the Time of Day.  For all the constellations, the gnss‑TimeModels IE shall be available at the system simulator, as specified in Annex E.
4.4.1
Use of fine time assistance

The use of fine time assistance to improve the GNSS performance of the UE is optional for the UE, even when fine time assistance is signalled by the network. Thus, there are a set minimum performance requirements defined for all UEs and additional minimum performance requirements that are valid for fine time assistance capable UEs only. These requirements are specified in subclause 5.1.2 for UEs that support A-GPS L1 C/A only and in clause 6.1.2 for UEs that support other GNSSs.

4.5
RRC states

The minimum A-GNSS performance requirements are specified in clause 5 for RRC_CONNECTED state. The test and verification procedures are separately defined in annex B.

4.6
Error definitions
The 2D position error is defined by the horizontal difference in meters between the ellipsoid point reported or calculated from the LPP message of type PROVIDE LOCATION INFORMATION and the actual position of the UE in the test case considered.

4.7
UEs supporting multiple constellations
Minimum performance requirements are defined for each global GNSS constellation (GPS, Galileo, Modernized GPS, and GLONASS). UEs supporting multiple global constellations shall meet the minimum performance requirements for a combined scenario where each UE supported constellation is simulated.

NOTE:
For test cases where signals from “GPS” and “Modernized GPS” are included, “GPS” and “Modernized GPS” are considered as a single constellation, unless otherwise specified.

4.8
UEs supporting multiple signals
For UEs supporting multiple signals, different minimum performance requirements may be associated with different signals. The satellite simulator shall generate all signals supported by the UE. Signals not supported by the UE do not need to be simulated. The relative power levels of each signal type for each GNSS are defined in Table 4.1. The individual test scenarios in clause 6 define the reference signal power level for each satellite. The power level of each simulated satellite signal type shall be set to the reference signal power level defined in each test scenario in clause 6 plus the relative power level defined in Table 4.1.

Table 4.1: Relative signal power levels for each signal type for each GNSS
	
	Galileo
	GPS/Modernized GPS
	GLONASS
	QZSS
	SBAS

	Signal power levels relative to reference power levels
	E1
	0 dB
	L1 C/A
	0 dB
	G1
	0 dB
	L1 C/A
	0 dB
	L1
	0 dB

	
	E6
	+2 dB
	L1C
	+1.5 dB
	G2
	-6 dB
	L1C
	+1.5 dB
	
	

	
	E5
	+2 dB
	L2C
	-1.5 dB
	
	
	L2C
	-1.5 dB
	
	

	
	
	
	L5
	+3.6 dB
	
	
	L5
	+3.6 dB
	
	


NOTE 1:
For test cases which involve “Modernized GPS”, the satellite simulator shall also generate the GPS L1 C/A signal if the UE supports “GPS” in addition to “Modernized GPS”.

NOTE 2:
The signal power levels in the Test Parameter Tables represent the total signal power of the satellite per channel not e.g. pilot and data channels separately.

5
A-GNSS minimum performance requirements (UE supports A-GPS L1 C/A only)
The minimum performance requirements specified in clause 5 apply for UEs that support A-GPS L1 C/A only. The requirements for UEs that support other or additional A-GNSSs are specified in clause 6.

The A-GNSS minimum performance requirements are defined by assuming that all relevant and valid assistance data is received by the UE in order to perform GPS L1 C/A measurements and/or position calculation. This clause does not include nor consider delays occurring in the various signalling interfaces of the network.

In the following subclauses the minimum performance requirements are based on availability of the assistance data information and messages defined in annexes D and E.


5.1
Sensitivity

A sensitivity requirement is essential for verifying the performance of A-GNSS receiver in weak satellite signal conditions. In order to test the most stringent signal levels for the satellites the sensitivity test case is performed in AWGN channel. This test case verifies the performance of the first position estimate, when the UE is provided with only coarse time assistance and when it is additionally supplied with fine time assistance.

5.1.1
Coarse time assistance

In this test case 8 satellites are generated for the terminal. AWGN channel model is used.

Table 5.1: Test parameters
	Parameters
	Unit
	Value

	Number of generated satellites
	-
	8

	HDOP Range
	-
	1.1 to 1.6

	Propagation conditions 
	-
	AWGN

	GNSS Coarse time assistance error range
	seconds
	(2

	GPS L1 C/A Signal for one satellites
	dBm
	-142

	GPS L1 C/A Signal for remaining satellites
	dBm
	-147


5.1.1.1
Minimum Requirements (Coarse time assistance)

The position estimates shall meet the accuracy and response time specified in Table 5.2.

Table 5.2: Minimum requirements (coarse time assistance)
	Success rate
	2-D position error
	Max response time

	95 %
	100 m
	20 s


5.1.2
Fine time assistance

This requirement is only valid for fine time assistance capable UEs. In this requirement 8 satellites are generated for the terminal. AWGN channel model is used.

Table 5.3: Test parameters for fine time assistance capable terminals
	Parameters
	Unit
	Value

	Number of generated satellites
	-
	8

	HDOP Range
	-
	1.1 to 1.6

	Propagation conditions
	-
	AWGN

	GNSS Coarse time assistance error range
	seconds
	(2

	GPS L1 C/A Fine time assistance error range
	(s
	(10

	GPS L1 C/A Signal for all satellites
	dBm
	-147


5.1.2.1
Minimum Requirements (Fine time assistance)

The position estimates shall meet the accuracy and response time requirements in Table 5.4.

Table 5.4: Minimum requirements for fine time assistance capable terminals
	Success rate
	2-D position error
	Max response time

	95 %
	100 m
	20 s


5.2
Nominal Accuracy

Nominal accuracy requirement verifies the accuracy of A-GNSS position estimate in ideal conditions. The primarily aim of the test is to ensure good accuracy for a position estimate when satellite signal conditions allow it. This test case verifies the performance of the first position estimate.

In this requirement 8 satellites are generated for the terminal. AWGN channel model is used.

Table 5.5: Test parameters
	Parameters
	Unit
	Value

	Number of generated satellites
	-
	8

	HDOP Range
	-
	1.1 to 1.6

	Propagation conditions 
	-
	AWGN

	GNSS Coarse time assistance error range
	seconds
	(2

	GPS L1 C/A Signal for all satellites
	dBm
	-130


5.2.1
Minimum requirements (nominal accuracy)

The position estimates shall meet the accuracy and response time requirements in Table 5.6.

Table 5.6: Minimum requirements
	Success rate
	2-D position error
	Max response time

	95 %
	30 m
	20 s


5.3
Dynamic Range

The aim of a dynamic range requirement is to ensure that a GNSS receiver performs well when visible satellites have rather different signal levels. Strong satellites are likely to degrade the acquisition of weaker satellites due to their cross‑correlation products. Hence, it is important in this test case to keep use AWGN in order to avoid loosening the requirements due to additional margin because of fading channels. This test case verifies the performance of the first position estimate.
In this requirement 6 satellites are generated for the terminal. AWGN channel model is used.

Table 5.7: Test parameters
	Parameters
	Unit
	Value

	Number of generated satellites
	-
	6

	HDOP Range
	-
	1.4 to 2.1

	GNSS Coarse time assistance error range
	seconds
	(2

	Propagation conditions
	-
	AWGN

	GPS L1 C/A Signal for 1st satellite
	dBm
	-129

	GPS L1 C/A Signal for 2nd satellite
	dBm
	-135

	GPS L1 C/A Signal for 3rd satellite
	dBm
	-141

	GPS L1 C/A Signal for 4th satellite
	dBm
	-147

	GPS L1 C/A Signal for 5th satellite
	dBm
	-147

	GPS L1 C/A Signal for 6th satellite
	dBm
	-147


5.3.1
Minimum requirements (dynamic range)

The position estimates shall meet the accuracy and response time requirements in Table 5.8.

Table 5.8: Minimum requirements
	Success rate
	2-D position error
	Max response time

	95 %
	100 m
	20 s


5.4
Multi-Path scenario

The purpose of the test case is to verify the receiver's tolerance to multipath while keeping the test setup simple. This test case verifies the performance of the first position estimate.

In this requirement 5 satellites are generated for the terminal. Two of the satellites have one tap channel representing Line-Of-Sight (LOS) signal. The three other satellites have two-tap channel, where the first tap represents LOS signal and the second reflected and attenuated signal as specified in Annex C.2.

Table 5.9: Test parameters
	Parameters
	Unit
	Value

	Number of generated satellites (Satellites 1, 2 unaffected by multi-path)

(Satellites 3, 4, 5 affected by multi-path)
	-
	5

	GNSS Coarse time assistance error range
	seconds
	(2

	HDOP Range
	-
	1.8 to 2.5

	GPS L1 C/A Signal for satellite 1, 2
	dBm
	-130

	GPS L1 C/A Signal for satellite 3, 4, 5
	dBm
	LOS signal of -130 dBm, multi-path signal of -136 dBm 


5.4.1
Minimum Requirements (multi-path scenario)

The position estimates shall meet the accuracy and response time requirements in Table 5.10.

Table 5.10: Minimum requirements
	Success rate
	2-D position error
	Max response time

	95 %
	100 m
	20 s


5.5
Moving scenario and periodic update

The purpose of the test case is to verify the receiver's capability to produce GNSS measurements or location fixes on a regular basis, and to follow when it is located in a vehicle that slows down, turns or accelerates. A good tracking performance is essential for a certain location services. A moving scenario with periodic update is well suited for verifying the tracking capabilities of an A-GNSS receiver in changing UE speed and direction. In the requirement the UE moves on a rectangular trajectory, which imitates urban streets. AWGN channel model is used. This test is not performed as a Time to First Fix (TTFF) test.
In this requirement 5 satellites are generated for the terminal. The UE is requested to use periodical reporting with a reporting interval of 2 seconds.

The UE moves on a rectangular trajectory of 940 m by 1 440 m with rounded corner defined in Figure 5.1. The initial reference is first defined followed by acceleration to final speed of 100 km/h in 250 m. The UE then maintains the speed for 400 m. This is followed by deceleration to final speed of 25 km/h in 250 m. The UE then turn 90 degrees with turning radius of 20 m at 25 km/h. This is followed by acceleration to final speed of 100 km/h in 250 m. The sequence is repeated to complete the rectangle.

Table 5.11: Trajectory Parameters
	Parameter
	Distance (m)
	Speed (km/h)

	l11, l15, l21, l25
	20
	25

	l12, l14, l22, l24
	250
	25 to 100 and 100 to 25

	l13
	400
	100

	l23
	900
	100
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Figure 5.1: Rectangular trajectory of the moving scenario and periodic update test case
Table 5.12: Test Parameters
	Parameters
	Unit
	Value

	Number of generated satellites 
	-
	5

	HDOP Range
	-
	1.8 to 2.5

	Propagation condition
	-
	AWGN

	GPS L1 C/A signal for all satellites  
	dBm
	-130


5.5.1
Minimum Requirements (moving scenario and periodic update)

The position estimates shall meet the accuracy requirement of Table 5.13 with the periodical reporting interval defined in Table 5.13 after the first reported position estimates.

NOTE:
In the actual testing the UE may report error messages until it has been able to acquire GNSS measured results or a position estimate. The test equipment shall only consider the first measurement report different from an error message as the first position estimate in the requirement in Table 5.13.

Table 5.13: Minimum requirements
	Success Rate
	2-D position error
	Periodical reporting interval

	95 %
	100 m
	2 s


6
A-GNSS minimum performance requirements (UE supports other or additional GNSSs)
The minimum performance requirements specified in clause 6 apply for UEs that support other A-GNSSs than GPS L1 C/A, or multiple A-GNSSs which may or may not include GPS L1 C/A. The requirements for UEs that support A-GPS L1 C/A only are specified in clause 5.

The A-GNSS minimum performance requirements are defined by assuming that all relevant and valid assistance data is received by the UE in order to perform GNSS measurements and/or position calculation. This clause does not include nor consider delays occurring in the various signalling interfaces of the network.

In the following subclauses the minimum performance requirements are based on availability of the assistance data information and messages defined in annexes D and E.

6.1
Sensitivity

A sensitivity requirement is essential for verifying the performance of A-GNSS receiver in weak satellite signal conditions. In order to test the most stringent signal levels for the satellites the sensitivity test case is performed in AWGN channel. This test case verifies the performance of the first position estimate, when the UE is provided with only coarse time assistance and when it is additionally supplied with fine time assistance.

6.1.1
Coarse time assistance

In this test case 6 satellites are generated for the terminal. AWGN channel model is used.

Table 6.1: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table 6.2

	
	Total number of generated satellites 
	-
	6

	
	HDOP range
	
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GNSS coarse time assistance error range
	seconds
	(2

	Galileo
	Reference high signal power level 
	dBm
	TBD

	
	Reference low signal power level
	dBm
	TBD

	GPS(1)
	Reference high signal power level
	dBm
	-142

	
	Reference low signal power level
	dBm
	-147

	GLONASS
	Reference high signal power level
	dBm
	-142

	
	Reference low signal power level
	dBm
	-147

	NOTE 1:   "GPS" here means GPS L1 C/A, Modernized GPS, or both, dependent on UE capabilities.


Table 6.2: Power level and satellite allocation
	
	Satellite allocation for each constellation

	
	GNSS-1(1)
	GNSS-2
	GNSS-3

	Single constellation
	High signal level
	1
	-
	-

	
	Low signal level
	5
	-
	-

	Dual constellation
	High signal level
	1
	-
	-

	
	Low signal level
	2
	3
	-

	Triple constellation
	High signal level
	1
	-
	-

	
	Low signal level
	1
	2
	2

	Note 1: 
For GPS capable receivers, GNSS-1, i.e. the system having the satellite with high signal level, shall be GPS.


6.1.1.1
Minimum Requirements (Coarse time assistance)

The position estimates shall meet the accuracy and response time specified in Table 6.3.

Table 6.3: Minimum requirements (coarse time assistance)
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


6.1.2
Fine time assistance

This requirement is only valid for fine time assistance capable UEs. In this requirement 6 satellites are generated for the terminal. AWGN channel model is used.

Table 6.4: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table 6.5

	
	Total number of generated satellites 
	-
	6

	
	HDOP range
	
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GNSS coarse time assistance error range
	seconds
	(2

	
	GNSS fine time assistance error range
	s
	(10

	Galileo
	Reference signal power level 
	dBm
	TBD

	GPS(1)
	Reference signal power level
	dBm
	-147

	GLONASS
	Reference signal power level
	dBm
	-147

	NOTE 1:   "GPS" here means GPS L1 C/A, Modernized GPS, or both, dependent on UE capabilities.


Table 6.5: Satellite allocation

	
	Satellite allocation for each constellation

	
	GNSS-1
	GNSS-2
	GNSS-3

	Single constellation
	6
	-
	-

	Dual constellation
	3
	3
	-

	Triple constellation
	2
	2
	2


6.1.2.1
Minimum Requirements (Fine time assistance)

The position estimates shall meet the accuracy and response time requirements in Table 6.6.

Table 6.6: Minimum requirements for fine time assistance capable terminals
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


6.2
Nominal Accuracy

Nominal accuracy requirement verifies the accuracy of A-GNSS position estimate in ideal conditions. The primarily aim of the test is to ensure good accuracy for a position estimate when satellite signal conditions allow it. This test case verifies the performance of the first position estimate.

In this requirement 6 satellites are generated for the terminal. If SBAS is to be tested one additional satellite shall be generated. AWGN channel model is used. The number of simulated satellites for each constellation is as defined in Table 6.8.
Table 6.7: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table 6.8

	
	Total number of generated satellites 
	-
	6 or 7(2)

	
	HDOP Range
	-
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GNSS coarse time assistance error range
	seconds
	(2

	GPS(1)
	Reference signal power level for all satellites
	dBm
	-128.5

	Galileo
	Reference signal power level for all satellites
	dBm
	-127

	GLONASS
	Reference signal power level for all satellites
	dBm
	-131

	QZSS
	Reference signal power level for all satellites
	dBm
	-128.5

	SBAS
	Reference signal power level for all satellites
	dBm
	-131

	NOTE 1:   "GPS" here means GPS L1 C/A, Modernized GPS, or both, dependent on UE capabilities.

NOTE 2:    7 satellites apply only for SBAS case.


If QZSS is supported, one of the GPS satellites will be replaced by a QZSS satellite with respective signal support. If SBAS is supported, the SBAS satellite with the highest elevation will be added to the scenario.

Table 6.8: Satellite allocation

	
	Satellite allocation for each constellation

	
	GNSS 1(1)
	GNSS 2(1)
	GNSS 3(1)
	SBAS

	Single constellation
	6
	--
	--
	1

	Dual constellation
	3
	3
	--
	1

	Triple constellation
	2
	2
	2
	1

	NOTE 1: GNSS refers to global systems i.e., GPS, Galileo, GLONASS


6.2.1
Minimum requirements (nominal accuracy)

The position estimates shall meet the accuracy and response time requirements in Table 6.9.

Table 6.9: Minimum requirements
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	15 m
	20 s


6.3
Dynamic Range

The aim of a dynamic range requirement is to ensure that a GNSS receiver performs well when visible satellites have rather different signal levels. Strong satellites are likely to degrade the acquisition of weaker satellites due to their cross‑correlation products. Hence, it is important in this test case to keep use AWGN in order to avoid loosening the requirements due to additional margin because of fading channels. This test case verifies the performance of the first position estimate.
In this requirement 6 satellites are generated for the terminal. Two different reference power levels, denoted as "high" and "low" are used for each GNSS. The allocation of "high" and "low" power level satellites depends on the number of supported GNSSs and it is defined in Table 6.11. AWGN channel model is used.

Table 6.10: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table 6.11

	
	Total number of generated satellites
	-
	6

	
	HDOP Range
	-
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GNSS coarse time assistance error range
	seconds
	(2

	Galileo
	Reference high signal power level
	dBm
	TBD

	
	Reference low signal power level
	dBm
	TBD

	GPS(1)
	Reference high signal power level
	dBm
	-129

	
	Reference low signal power level
	dBm
	-147

	GLONASS
	Reference high signal power level
	dBm
	-131.5

	
	Reference low signal power level
	dBm
	-147

	NOTE 1:   "GPS" here means GPS L1 C/A, Modernized GPS, or both, dependent on UE capabilities. 


Table 6.11: Power level and satellite allocation
	
	Satellite allocation for each constellation

	
	GNSS 1(1)
	GNSS 2(1)
	GNSS 3(1)

	Single constellation
	High signal level
	2
	--
	--

	
	Low signal level
	4
	--
	--

	Dual constellation
	High signal level
	1
	1
	--

	
	Low signal level
	2
	2
	--

	Triple constellation
	High signal level
	1
	1
	1

	
	Low signal level
	1
	1
	1

	NOTE 1: GNSS refers to global systems i.e., GPS, Galileo, GLONASS


6.3.1
Minimum requirements (dynamic range)

The position estimates shall meet the accuracy and response time requirements in Table 6.12.

Table 6.12: Minimum requirements
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


6.4
Multi-Path scenario

The purpose of the test case is to verify the receiver's tolerance to multipath while keeping the test setup simple. This test case verifies the performance of the first position estimate.

In this requirement 6 satellites are generated for the terminal. Some of the satellites have a one tap channel representing the Line-Of-Sight (LOS) signal. The other satellites have a two-tap channel, where the first tap represents the LOS signal and the second represents a reflected and attenuated signal as specified in Annex C.2. The number of satellites generated for each GNSS as well as the channel model used depends on the number of systems supported by the UE and is defined in Table 6.14. The channel model as specified in Annex C.2 further depends on the generated signal.
Table 6.13: Test parameter
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table 6.14

	
	Total number of generated satellites 
	-
	6

	
	HDOP range
	
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GNSS coarse time assistance error range
	seconds
	(2

	Galileo
	Reference signal power level 
	dBm
	-127

	GPS(1)
	Reference signal power level
	dBm
	-128.5

	GLONASS
	Reference signal power level
	dBm
	-131

	NOTE 1:   "GPS" here means GPS L1 C/A, Modernized GPS, or both, dependent on UE capabilities.


Table 6.14: Channel model allocation
	
	Channel model allocation for each constellation

	
	GNSS-1
	GNSS-2
	GNSS-3

	Single constellation
	One-tap channel
	2
	--
	--

	
	Two-tap channel
	4
	--
	--

	Dual constellation
	One-tap channel
	1
	1
	--

	
	Two-tap channel
	2
	2
	--

	Triple constellation
	One-tap channel
	1
	1
	1

	
	Two-tap channel
	1
	1
	1


6.4.1
Minimum Requirements (multi-path scenario)

The position estimates shall meet the accuracy and response time requirements in Table 6.15.

Table 6.15: Minimum requirements
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


6.5
Moving scenario and periodic update

The purpose of the test case is to verify the receiver's capability to produce GNSS measurements or location fixes on a regular basis, and to follow when it is located in a vehicle that slows down, turns or accelerates. A good tracking performance is essential for a certain location services. A moving scenario with periodic update is well suited for verifying the tracking capabilities of an A-GNSS receiver in changing UE speed and direction. In the requirement the UE moves on a rectangular trajectory, which imitates urban streets. AWGN channel model is used. This test is not performed as a Time to First Fix (TTFF) test.
In this requirement 6 satellites are generated for the terminal. The UE is requested to use periodical reporting with a reporting interval of 2 seconds.

The UE moves on a rectangular trajectory of 940 m by 1 440 m with rounded corner defined in Figure 6.1. The initial reference is first defined followed by acceleration to final speed of 100 km/h in 250 m. The UE then maintains the speed for 400 m. This is followed by deceleration to final speed of 25 km/h in 250 m. The UE then turn 90 degrees with turning radius of 20 m at 25 km/h. This is followed by acceleration to final speed of 100 km/h in 250 m. The sequence is repeated to complete the rectangle.

Table 6.16: Trajectory Parameters
	Parameter
	Distance (m)
	Speed (km/h)

	l11, l15, l21, l25
	20
	25

	l12, l14, l22, l24
	250
	25 to 100 and 100 to 25

	l13
	400
	100

	l23
	900
	100
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Figure 6.1: Rectangular trajectory of the moving scenario and periodic update test case
Table 6.17: Test Parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table 6.18

	
	Total number of generated satellites
	-
	6

	
	HDOP Range per system
	-
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GNSS coarse time assistance error range
	seconds
	(2

	Galileo
	Reference signal power level for all satellites
	dBm
	-127

	GPS(1)
	Reference signal power level for all satellites
	dBm
	-128.5

	GLONASS
	Reference signal power level for all satellites
	dBm
	-131

	NOTE 1:   "GPS" here means GPS L1 C/A, Modernized GPS, or both, dependent on UE capabilities.


Table 6.18: Satellite allocation

	
	Satellite allocation for each constellation

	
	GNSS 1(1)
	GNSS 2(1)
	GNSS 3(1)

	Single constellation
	6
	--
	--

	Dual constellation
	3
	3
	--

	Triple constellation
	2
	2
	2

	NOTE1: GNSS refers to global systems i.e., GPS, Galileo, GLONASS


6.5.1
Minimum Requirements (moving scenario and periodic update)

The position estimates shall meet the accuracy requirement of Table 6.19 with the periodical reporting interval defined in Table 6.19 after the first reported position estimates.

NOTE:
In the actual testing the UE may report error messages until it has been able to acquire GNSS measured results or a position estimate. The test equipment shall only consider the first measurement report different from an error message as the first position estimate in the requirement in Table 6.19.

Table 6.19: Minimum requirements
	System
	Success rate
	2-D position error
	Periodical reporting interval

	All
	95 %
	50 m
	2 s


<End of change>
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